Water relation and growth parameters of drought stressed seedlings of Chir pine (Pinus roxburghii Sarg.) were studied over a one year period. The seedlings were subjected to three drought cycles of 9, 18, 27 days and one control level (watered every alternate day) in a polyhouse. Pre-dawn (5.30-6.30 AM) and Mid-day water potential was estimated using a pressure chamber. The bench drying method was followed for developing P-V curves for estimating components of water potential. Osmotic adjustment was estimated as the difference between the osmotic potential at zero and full turgor of seedlings kept at control and those given 27 days drought. Across drought cycles the pre-dawn water potential ranged between -0.59 MPa and -2.12 MPa and the mid-day water potentials were always lower than pre-dawn water potentials. The Osmotic adjustment was -1.17 MPa at full turgor and -2.0 MPa at zero turgor. The seedlings growth was positively related to soil moisture and water potential. The daily change in water potential (difference between pre-dawn and mid-day water potential) declined with increasing drought and was nominal (less than -0.2 MPa) in seedlings subjected to 18 and 27 days drought cycle. Needle characteristics were severely affected by water stress. In Pinus roxburghii Sarg seedlings osmotic adjustment may be an important adaptive mechanism that assists it to invade and grow on dry inhospitable sites.
INTRODUCTION
The survival of tree species depends on their capacity to tolerate drought particularly in tropical ecosystem [1] . Trees can tolerate stress for water by maximizing uptake or reducing water loss [2] . A modification in physiological characteristics is another mechanism to overcome drought in most tree species. Due to small size and limited root depth the seedlings are least tolerant to harsh environment [3] . Himalayan forests face 5-6 months of drought every year as they are governed by monsoonal pattern of rainfall [4] . Leaf life span of most evergreen tree species is close to one year in central Himalayan region [5, 6] . Most phenological activities in the Himalayan species occur during the hot dry season before the onset of the monsoon [7] . Poor understanding prevails regarding role of drought in regulating tree species performance and distribution for Himalayan forests. However, existing data and indirect evidences suggest that distribution of trees is strongly dependent on drought [8, 9, and 10] . Osmotic potential can be lowered both passively and actively [11] . This lowering of osmotic potential due to increase in solute concentration (osmotic adjustment) has a significant role in contributing to drought . * Corresponding Author E-mail: atewari69 @ gmail.com tolerance in several woody species [12] . Osmotic adjustment is a dehydration tolerance adaption/dehydration avoidance mechanism as it assists in water extraction from soil and also enhances root growth. Chir pine (Pinus roxburghii Sarg.) an economically valuable species is the dominant tree species between altitudes of 1300 and 2000 m in the Central Himalayan region. Chir pine forms pure stands generally but towards its upper limit mixes with oak (Quercus leucotrichophora A. camus) [13] .
In the present study we have tried to assess the drought adaptation capacity of seedlings of Chir pine in relation to induced soil water stress and its impact on seedling growth and development. height and 4-6 mm in diameter. The seedlings were given 3 stress levels of 9 days interval and one lot of 20 seedling was kept as control (watered 3 times/week) and kept in a polyhouse. Before subjecting the seedlings to drought cycle 10 seedlings were harvested for initial biomass estimation and 20 seedlings were kept under each stress level. During the study period the mean minimum and mean maximum temperatures inside the polyhouse ranged between 8 °C and 36 °C and humidity between 63% and 91%. The polyhouse temperatures were 4-7 • C higher than outside temperatures. Pre-dawn (5.30-6.30 AM) and Mid-day water potential was estimated using a pressure chamber (PMS 1000 make of PMS Instrument Company, Corvallis, USA [14] . Five replicates per stress level for each water potential measurement (pre-dawn and Mid-day) were used. The seedlings harvesting for Mid-day water potential estimation were placed in a plastic bag and used for P-V curve preparation. The bench drying method was followed for developing P-V curves for estimating components of water potential. Five individuals from each stress level were harvested for dry mass estimation and separated into needles, shoot and roots dried to constant weight at 60 °C [15] . Osmotic adjustment was considered to be the difference between the osmotic potential at zero and full turgor of seedlings kept at control and those given 27 days drought [16] . Soil moisture was determined on fresh weight basis by developing composite soil samples of five replicates, each of 10g [17] . Data analysis was carried out in the Microsoft excel program. Analysis of variance (ANOVA) was used to observe the effect of moisture stress on seedling growth [18] .
MATERIAL AND METHODS

Cones of
RESULTS
The 1 year old Chir pine seedlings were subjected to three drought cycles of 9, 18 and 27 days in a polyhouse and monitored for water relation and growth parameters. The seedlings subjected to 27 day drought cycle had relatively low (-2.12 MPa) Pre-dawn water potential. No mortality was observed at 27 day of drought but total seedling dry mass was severely impact by increased drought.
The Pre-dawn and Mid-day water potential declined significantly with increasing stress. There existed a positive correlation between soil moisture and Pre-dawn water potential (r 2 = 0.963, p<0.01). The Pre-dawn water potential declined significantly with increasing stress. The Pre-dawn water potential decline by 1.28 MPa in seedlings kept at control and these subjected to 27 days of drought cycle and mid day water potential by 1.1 MPa. No mortality was observed even in the seedlings subjected to high drought stress levels of 27 days. In Pinus roxburghii the durinal change in (ψ) ranged from 0.61 MPa (Control) to 0.18 MPa in seedlings subjected to 27 days of drought. The pre dawn (ψ) was significantly related to daily change in water potential (r 2 = 0.807, p<0.05). Generally osmotic adjustment is calculated as the decline in osmotic potential over a period of drought here taken as the difference between control and 27 days drought cycle. The Osmotic Potential (OP) at full turgor and OP at zero turgor declined with increasing drought. The seedlings of P. roxburghii could osmotically adjust by 1.17 MPa at full turgor and 2.0 MPa at zero turgor. This indicates the capacity of this species to resist drought. This adjustment may provide an ecophysiological advantage to the young seedlings of P. roxburghii to maintain photosynthesis activities even under high stress level (Table 1) 
Seedling growth
Dry mass of seedling increased with increasing drought upto 9 days of drought interval and their by decreased with increasing drought. Positive relation existed between soil moisture and total seedling biomass (r 2 = 0.847, p<0.01). The needle biomass had reduced by 82% percentage between control and 27 days drought cycle, root biomass by 77% and total biomass by 75% ( Table 1 ). The root to shoot ratio was maximum in seedling subjected to 9 days of drought and then declined as the drought increased.
DISCUSSION
The controversy regarding the encroachment of Chir pine (P. roxburghii) into the banj oak (Q. leucotrichophora) zone has raged for the last few decades. We tried to assess the eco physiological reasons that make this species adaptive and invasive. By studying the water relation and growth parameters of Chir pine seedlings subjected to varying drought cycles. It is common to see that subsequent to disturbance P. roxburghii is expanding in transition zones at the cost of broad leafed species. Under natural condition the seedlings density at the site from where cones were collected was 1432 individuals/ha and 94.6% of the seeds collected from the cones germinated, 100% of the developed seedlings for the experiment survived.
Osmotic potential can be lowered by uptake, internal production or transfer of substances such as inorganic ions, amino acids and sugars or passively due to dehydration resulting in concentrating of the tissues solutes [11, 19] . Chir pine could osmotically adjust by close to 1.0 MPa at full turgor and 2.0 MPa at zero turgor. The capacity of Chir pine appears to be higher to osmotically adjust when compared with P. canariensis and P. pinaster (1.33 MPa and 0.54 MPa) [20] .
The daily change in water potential had significant relation with Pre-dawn water potential values ( r 2 = 0.807, p<0.05), the daily change decline with increasing stress and it is evident that this species closes its stomata as stress increase to -2.3 MPa . This could be a drought avoidance strategy of the species. Similar pattern has also been reported in Ziziphus rotundifolia Mill which tends to close its stomata at -2.3 MPa [2] . It has been reported that plant growth can be seriously impacted under water stress as nutrient movement is directly related to water availability in roots [21] . In seedling of P. roxburhii the dry mass increased only upto 9 days of drought cycle and there by decline with increasing stress.
CONCLUSION
For normal growth maintenance a relatively high water content and turgor pressure is essential. As water stress is common in several environments, many tree species have developed varied mechanisms to cope with drought. Some species tolerate water stress through osmotic adjustment or the accumulation of osmotic protective substances. The capacity of this species to adjust osmotically by 1.17 MPa at full turgor and 2.0 MPa at zero turgor appears to be the major drought tolerance mechanism of P. roxburghii seedlings. The capacity of Chir pine to invade and develop on drought prone areas may be related to its ability to accomplish high osmotic adjustment and appears to be a primary factor contributing to its drought tolerance capacity for invasion and mass of natural regeneration in this species. 
